• Salinity and drought are the major issues confronting agriculture in arid regions of the world.
T he Far West Texas region has an extremely arid climate with an annual precipitation of 15 cm and a potential evapotranspiration rate of 198 cm (Ganjegunte and Clark, 2017) . Agriculture largely depends on irrigation supplies from the Rio Grande River that flows through the region. However, currently the region is experiencing a prolonged drought and scarcity of freshwater (Ganjegunte and Clark, 2017; . During the periods of drought, growers use other available sources such as groundwater and reclaimed municipal wastewater to supplement irrigation. However, these alternative sources of water in the region have elevated salinity and sodicity (Ganjegunte et al., 2019) . Cropping pattern in the region is dominated by three major crops-cotton, Gossypium hirsutum L.; alfalfa, Medicago sativa L.; pecan, Carya illinoinensis (Wangenh.) K. Koch-and of which, alfalfa and pecan are considered susceptible to salinity stress (Grieve et al., 2012) . Moreover, large amounts of irrigation water are needed to sustain the current crops due to high evaporation rates. The annual average irrigation requirements of the three major crops pecan, alfalfa, and cotton grown in the region are 152, 152, and 84 cm, respectively (Cox et al., 2018) . Therefore, during periods of drought more than half of agricultural fields are fallowed (mostly under annuals such as cotton) because the irrigation water allotted by the district is not enough to grow any of the three aforementioned crops. Therefore, it is important to develop information on suitable alternative crops that use less water and are salt tolerant.
Guar (Cyamopsis tetragonoloba L.) is a multipurpose crop that can be grown for vegetable, fodder, green manure, seed, and industrial (guar gum) uses (Douglas, 2005) . India and Pakistan produce a majority of the world's guar (Abidi et al., 2015) . The United States is a major importer of guar gum, which is mainly used in oil exploration operations, followed by Germany, Canada, and China (Sharma and Gummagolmath, 2012) . Although guar is generally considered a salttolerant crop, literature indicates considerable genotypic variation (Rasheed et al., 2015) . Furthermore, crops greatly differ in their tolerance to salinity at different growth stages (Chartzoulakis and Klapaki, 2000; Rasheed et al., 2015) . This is especially true for early growth stages such as germination and seedling emergence, which are highly susceptible to reduced water availability (Munns et al., 2002) . This study was conducted under growth chamber and greenhouse conditions to evaluate germination, physiological response, seedling growth, and ion uptake of 15 guar accessions under different salinity levels. Our hypothesis was that there is a wide variability in salinity tolerance of guar genotypes at germination stage. It is essential to select tolerant accessions/genotype(s) to ensure successful production in stressed ecosystems. This hypothesis was examined by evaluating germination, physiological response, seedling growth, and ion uptake of 15 guar accessions at three salinity levels, 0.98, 4.5, and 9.0 dS m -1 . Specific objectives of the study were to evaluate 15 guar accessions for: (i) seed germination at different salinity levels; (ii) early stage growth parameters (shoot and root length, dry matter, number of leaves, leaf area) and physiological response (net CO 2 assimilation); and (iii) ion uptake to delineate possible tolerance mechanism(s). Our null hypothesis was that there are no significant differences among genotypes.
MATERIALS AND METHODS
This study consisted of two phases. Phase 1 was designed to test the influence of saline water on seed germination and Phase 2 was to determine the influence of saline water on seedling growth, physiological response, and ion uptake of 15 guar accessions. Phase 1 of the experiment was conducted in a growth chamber, whereas Phase 2 of the experiment was conducted in a greenhouse at Texas A&M AgriLife Research, El Paso, TX (31°41¢47.5² N, 106°16¢57.6² W). The growth chamber and greenhouse had controlled light, temperature, and humidity (Table 1) .
Experimental Design and Treatments
A split plot design was used for this study with salinity levels as main plots and guar accessions as subplots with two replications The selection of salinity levels were based on the average salinity (0.98 dS m -1 ) of Rio Grande River that represents the primary source of irrigation water in the region; salinity that is half of the threshold level (4.5 dS m -1 ) for guar and salinity of 9.0 dS m -1 was chosen because it represents the reported threshold (8.8 dS m -1 ) for guar (Francois et al., 1990) . Greenhouse tap water (represented treated Rio Grande River water) was control (S0 = 0.98 dS m -1 ), and two salt solution treatments (S1 = 4.5 dS m -1 and S2 = 9.0 dS m -1 ) were prepared by dissolving NaCl into tap water. Select chemical properties of the waters used in the study are provided in Table 2 .
Guar Accessions
Seeds from 15 guar accessions were evaluated in this study from the U.S. National Plant Germplasm System (https://npgsweb. ars-grin.gov/gringlobal/login.aspx?action=menu). Accessions were selected based on their yield potential at different growth stages and country of origin (Table 3 ).
Seed Germination of Guar Accessions in Response to Salt Stress
Phase 1 of the experiment was conducted in a growth chamber using 15 Petri dishes per replicate to germinate 15 accessions. Eight seeds of a single accession were placed in each of the Petri dishes and equal volumes (15 mL) of salinity treatment waters (S0, S1, and S2) were applied. Germinated seeds were counted daily for 15 d. The data on germination (G %), mean germination time ( t ), coefficient of variance of the germination time (CVt), mean germination rate (MR), uncertainty of germination process (U), and synchrony of germination process (Z) were calculated using following formula given by Ranal et al., 2009: Max.
Min.
Max.
Growth chamber 25 32 75 82 11
Greenhouse 20 30 72 80 11 1.60 ± 0.53 1.31 ± 0.81 1.28 ± 0.86 † S0, greenhouse tap water; S1, greenhouse tap water spiked to EC of 4.5 dS m -1 ; S2, greenhouse tap water spiked to EC of 9.0 dS m -1 . where ti is time from the experiment start to the ith observation, ni is number of seeds germinated in the ith time, k is the last time of germination, and n is total number of seeds used in one petri dish.
Seedling Growth Parameters and Ion Uptake (Phase 2)
For evaluating seedling growth and ion uptake of 15 guar accessions under saline water irrigation, small square pots of (6 cm length × 6 cm width × 6 cm depth) with 175 cm 3 volume were filled with potting mixture and soaked with tap water. Eight seeds of each accession were sown in their specific labeled salinity pot. As true leaves of guar appeared, seedlings were stressed with planned salt solution treatments.
Measurement of Gas Exchange, Chlorophyll Amount, and Fluorescence
Net CO 2 assimilation (A) was analyzed using a portable gas exchange system (CIRAS-3, PP Systems, Amesbury, MA), and chlorophyll fluorescence was determined using chlorophyll fluorimeter (Pocket PEA). The relative amount of chlorophyll (SPAD) was measured through SPAD 502 Plus Chlorophyll Meter (Minolta) (Sun et al., 2013) .
Leaf Sap Extraction for Ion Analysis
Fully expanded leaves from the top of each seedling were detached, weighed, and then frozen in a 5-mL micro-tube to a temperature of -18°C for 24 h. Leaf material was subsequently crushed, and the resulting sap was further diluted by adding 45 mL of deionized (DI) water (Gorham et al., 1984) . These sample solutions were passed through 4-micrometer filter and run through ion chromatography for cation and anion analyses (Na + , K + , Ca 2+ , Mg 2+ , and Cl -). The experiment was terminated 30 days after sowing (DAS). Seedlings were carefully uprooted to record shoot height, root length, number of leaves per plant, leaf area, and fresh and dry weight of shoot and root.
Data Analysis
Analysis of variance (ANOVA), correlation matrix and least significant difference (LSD) tests were used to determine the significance of differences in salinity levels and accessions and their interactions at p ≤ 0.05 using Genstat Ver. 4.
RESULTS AND DISCUSSION

Germination
Salt stress significantly (p ≤ 0.05) reduced germination (G), coeffient of variance at germination time (CVt), mean germination rate (MR), and synchrony of germination process (Z). Mean germination time (MT) and uncertainty of germination process (U) were increased with increasing salinity in all accessions of guar (Fig. 1) . The correlation coefficients of germinability with CVt, MR, and Z were significantly (p ≤ 0.05) positive but were negative with MT and U (Table 4 ). All germination parameters except G were significant (p < 0.05) at different salinity levels (S). All parameters were significant (p ≤ 0.05) for CO 2 assimilation (A) and only G and Z were significant (p < 0.05) at their S × A interaction ( Fig. 1a-f ). Only PI 268229 showed 100% germinability under control as well in salt stress condition up to high salinity 9.0 dS m -1 . Two more accessions (PI164476 and PI 433592) had 100% germination up to 4.5 dS m -1 salinity, but decreased as salinity increased (Fig. 1a) .
However, the relationship of MT ( Fig. 1b) and U (Fig. 1e ) with salt stress was positive, these parameters increased significantly (p ≤ 0.05) with increasing salinity levels. Guar accessions of PI 593059 and PI338745 had high CVt (Fig. 1c) , MR (Fig. 1d ), and Z (Fig. 1f ) at control and threshold level of salinity at 9.0 dS m -1 , respectively. Meanwhile, guar accessions of PI 338745 had lower MT (Fig. 1b) and PI 547070 had lower U (Fig. 1e ) at higher salinity. Similar to our results, Robina and Sheela (2006) reported that salinity greatly affected guar germination. Their study indicated that although genotypes RGM-112 and RGC-936 were tolerant to salinity up to 150 mM NaCl, all other genotypes germination decreased at that salinity. Teolis et al. (2009) also observed that guar genotypes differed widely in germination percentage ranging from 7 to 90% under a salinity of 200 mM. Reduction in germination has been attributed to osmotic, nutritional, and toxic effects of salts on plants, particularly at susceptible stages such as germination (Munns et al., 2002; Robina and Sheela, 2006; Teolis et al., 2009) . This is further supported by significant negative correlations between germination and irrigation water salinity, plant sap Na, and Cl contents (Table 4 ).
SPAD Value, Assimilation of Carbon Dioxide, and Chlorophyll Florescence
As the salinity levels of irrigation water increased, SPAD value and CO 2 assimilation (A) decreased. However, chlorophyll florescence (Chl F) remained higher at medium (4.5 dS m -1 ) and higher (9.0 dS m -1 ) levels of salinity (Fig. 2) . Variation between salinity, accession, and their interaction were nonsignificant for SPAD value but highly significant (p < 0.01) for CO 2 A and Chl F ( Fig. 2a-c) . The SPAD values, CO 2 A, and Chl F ranged from 36 to 44, 8 to 18 mmol m -2 s -1 , and 0.81 to 84 at control; 34 to 41, 5 to 10 mmol m -2 s -1 , and 0.82 to 0.86 at 4.5 dS m -1 salinity; and 26 to 37, 1 to 4 mmol m -2 s -1 , and 0.63 to 0.82 at high level of salinity 9.0 dS m -1 , respectively. Salt stress affects on various physiological aspects of plants such as CO 2 assimilation and chlorophyll fluorescence ratio. Asch et al. (2000) and Hu et al. (2013) reported that in salt-stressed plants CO 2 assimilation reductions ranged from 8 to 49%. Belkhodja et al. (1999) reported that detached mature leaves subject to high salinity levels showed decreases in the chlorophyll fluorescence ratio compared with leaves that were not salt stressed. Table 4 shows significant negative correlations between salinity and all the observed growth parameters.
Seedling Growth Parameters and Biomass Production
Saline water irrigation significantly (p ≤ 0.05) affected seedling growth parameters such as number of leaves, leaf area, shoot length, root length, and shoot and root fresh and dry matter ( Fig. 3 and 4 ). Significant (p < 0.05) genotypic differences in the above growth parameters were observed at different salinity levels except for root dry weight ( Fig. 3 and 4) . Interactions between salinity levels and accessions were significant for leaf area and root length (Fig. 3b  and 3d ). Correlation among growth parameters were significant (p < 0.05) (Table 4 ). Correlation between salinity and growth parameters were all negative, as expected. On average, reduction in leaf area per plant at 9.0 dS m -1 was 70%, shoot length 36%, root length 38%, shoot fresh weight 47%, root fresh weight 62%, shoot dry weight 52%, and root dry weight was 61% compared with the control (0.98 dS m -1 ). At 9.0 dS m -1 , PI 549164 registered maximum leaf area and accession PI 426633 had the highest shoot and root lengths. At the highest salinity (9.0 dS m -1 ) of irrigation water, maximum shoot dry weight was recorded for genotype PI549164, closely followed by PI23187. Guar has indeterminate growth pattern, and this helps in the tolerance to salt stress (Kuravadi et al., 2013; Shockey, 2016) . In addition, guar's deep taproots can alleviate salinity and water stress because it can extract water from deep soil horizons (Francois et al., 1990) . Similar to our results, Munns et al. (2002) reported that guar growth was severely affected by toxicity of Na and Cl. Our results indicated that the intensity of salt stress varies among cultivars, highlighting the potential for tolerant cultivars to perform better under elevated salinity.
Ion Uptake and Ratios
Data on ionic concentration in leaf sap of different guar genotypes and ionic ratios (K + /Na + , Ca 2+ /Na + , and Mg 2+ /Na + ) are presented in Fig. 5 and 6 . As expected, results indicated that leaf sap K + , Ca 2+ , and Mg 2+ concentrations decreased significantly with increasing salinity. Consequently, the ratios of K + /Na + , Ca 2+ /Na + , and Mg 2+ /Na + in leaf sap decreased significantly with increasing salinity levels of irrigation water. Effects of salinity (S), accessions (A), and their interaction were significant (p ≤ 0.05) for ion concentration and ratios except for Ca 2+ /Na + ratios. Ion concentration and their ratios can provide an insight into dominant salinity mechanisms in guar crops. The correlation between shoot dry weight and leaf sap Na and Cl were negative across the 15 tested genotypes. This study leads to an interesting inference that, at an early stage, selective ion uptake (of K) can be the dominant salt tolerance mechanism for guar. This is confirmed by a related study that showed selective ion uptake to be the dominant mechanism in later stages of guar (Suthar et al., 2018) . Similar to our study, Keating (1986) observed that guar's K/ Na ratio decreased with increasing salinity. In susceptible genotypes, higher levels of salinity inhibited growth and biomass accumulation, indicating less developed salinity tolerance mechanisms (Tuteja, 2007) . Sodium can also inhibit uptake of other nutrients such as Ca, Mg, and K, resulting in reduced growth in susceptible genotypes/ crops (Cramer, 2002) .
CONCLUSION
Fifteen guar accessions were studied for germination process, physiological response, seedling growth, and ion uptake under different salinity levels (0.9 as a control, 4.5 and 9.0 dS m -1 ) of water. Guar accession PI 268229 showed 100% germination under a high level of salinity (9.0 dS m -1 ). Across all accessions, the SPAD value and assimilation of CO 2 decreased as salinity level of irrigation water increased. However, chlorophyll florescence (Chl F) remained higher at the medium level of salinity (4.5 dS m -1 ) than that of the control and the higher level of salinity 9.0 dS m -1 . Although accession PI 549164 had maximum leaf area and shoot dry biomass, accession PI 426633 showed the maximum shoot and root length at 9.0 dS m -1 . Ion uptake and ratios of accessions at different salinity indicated that selective ion uptake is the dominant tolerance mechanism in guar. 
